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EXAMINATION OF MARINE ENGINEER OFFICER

ELECTRO TECHNOLOGY

CLASS II

(Time allowed - 3 hours)

INDIA(2001)                                                                      Morning Paper
               Total Marks  100                          

  N.B. -        (1) Attempt  SIX questions only, with a minimum of TWO Questions from each Part.

     (2) All questions carry equal marks.

     (3) Neatness in handwriting and clarity in expression carries weightage
PART A

1. A 440-Volt D.C. 3-wire system has 1000, 30-Watt lamps in circuit between the positive feeder and the middle wire, and 500 such lamps between the negative and the middle wire. By accident, the middle wire becomes disconnected from the generating station. What will be the P. Ds. between the outer and neutral immediately after this occurs?

2. Three equal resistance each of 2( are joined together to form a triangle ABC. An e.m.f. of 8V and internal resistance 1( is connected across AB with positive terminal to A, and an e.m.f. of 12V and internal resistance 1 ( is connected across AC with positive terminal to A. Using Kirchhoff's laws determine the current in AB, and the P. D. across C.B. 

3. A 500-kVA transformer reaches an efficiency of 98.33 per cent at 50 per cent overload and unity power-factor, and has an efficiency of 98.20 per cent at half-full load and unity power-factor, maximum efficiency occurring in the neighbourhood of full load. Determine the efficiency, and the core loss and copper loss separately at full kVA load and a power-factor of 0-8. 

4. An inductive coil of resistance 1.34( and an inductance of 0.13H is joined in series with a capacity of 53.8 ( F. At what frequency will resonance occur? If the circuit is connected across a 220 V, 60 Hz supply, calculate the voltage across –

(a) the coil and 

(b) the capacitor.

5. The three-phase, two-pole, star-connected alternator of a turbo-electric vessel supplies the 10000 kW. It is mesh connected, fifty-pole synchronous motor which operates at a power factor of 0.95 (lagging) and an efficiency of 90 per cent at a full-load propeller speed of 110 rev/min. Calculate the phase currents of the alternator and of the motor when the line voltage is 3.3kV. Find also the kVA output of the alternator when supplying the motor at the above output power. Find the supply frequency of the system on full load. 

6. Three 80 resistors are connected (a) in star, (b) in delta, across a 400 V, three-phase supply. Calculate the phase and the line currents, and the power absorbed in each case.

PART B

7. With the aid of a sketch describe the dynamometer type of wattmeter. Draw a diagram showing how it is connected to record the mean power in an A. C. circuit. Prove that its deflection is proportional to the mean power.

8. Describe and sketch a main propulsion motor, giving the reasons for the particular details of construction, and explaining the principle of operation of the machine. 

9. Sketch and describe in detail the construction and operation of one of the following: - 

(a) an electric salinometer, 

(b) a rotary converter;

(c) in electric torsion meter.

10. Describe the action of one of these components -  

(a) A vacuum valve,

(b) A rectifier.
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Answers 

PART A

Answers: -
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-    bEFORE DISCONNECTION
                         - aTER DISCONNECTION


the loads on the positive and negative sides of the system before the break in the mid-wire are 30 kW and 15 kW respectively therefore if R1 and R2 are the effective resistance of the load on the positive and negative sides,

For the positive sides    2202    =    30,000

   
                        R1









POWER  = V ( I  =    V ( V/R

Or R1 =       48400    =   121   ohms









      30000          75
For the negative side    2202      =      15,000



          R2



R2 = 48400    =  242    ohms


        15000         75

When the mid-wire is disconnected R1 and R2 are in series across 440 volts, and assuming these resistance remain unaltered 

 R1 + R2
=   121   +    242       =  363     ohms


      75            75             75

Therefore V1 =       R1       (  440    =  146.67 Volts 


            R1 + R2        

V2 =         R2       (  440    =  293.33 Volts 

             R1 + R2        

i.e. P. D. from positive outer to mid-wire  =  146.67 Volts

      P. D. from negative outer to mid-wire =  293.33 Volts
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V1  = IR1  =     440     ( R1  
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V2  = IR2  =     440    ( R2
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Ans 2.                                 
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(a) I1 i.e current in AB








(b) P.D. across CB
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For circuit ABDA, ZI1 + (I1 - I3) ( F 8 Or 3I1 - 13 = 8 ---------- (i) 

For circuit ACEA, ZI2 + (I2 + I3) = 12 Or 3I2 + 13 = 12 -------- (ii)



2I1 - 2I2 + 2I3  = 0   
--------------------(iii)

From (i) I1 =       8 + I3


3

From (ii) I2 =  12 - I3


3

(2 (8 + I3 )   -   2 (12 - I3) + 2I3   + 2I3  =  0   From    (iii)

3 3

Or  16 + 2I3  - 24 + 2 I3 + 6I3 = 0

Or 10 I3 = 8   Or    I3 = 8/10     =  0.8 amps B. C.

I1  =     8 + I3    =   8 + 0.8     =   8.8    = 2.93 amps A. B.


3
     3
          3


=    12 - I3     =    12 - 0.8    =   11.2   = 3.73 amps A.C>

           3                    3                 3    

Voltage drop in B. C.  = 2I3 =   2 ( 0.8 = 1.6 Volts

Answer 3 . 98.16 per cent efficiency; iron loss = 3.5kW. Copper loss = 4kW

Answer 4  
             1.34  (  






        220 V, 60 Hz


For resonance XL = XC

i.e.2 ( f L  =       1        where f is the frequency at which resonance occures



         2 ( f C


( f  =      1       =                103            = 60.19 ans


             2 ( (l L     2 ( (0.13 ( 53.8


XL = 2 ( f L  = 2 ( ( 60. ( 0.13 =  49.01 (
XC =                106                = 49.29 (
            2 ( ( 60 ( 53.8

Impedance of the full circuit = ( R2 + (XL - XC)2

= ( 1.342 + (49.01 ~ 49.29)2     =  ( 1.342 + 0.282
= 1.369 ( 

Impedance of the coil ( 1.342 + 49.012  = 49.03 (
Voltage across the coil = 49.03 (    220     = 7879 Votls




            1.369

Answer 5

Power output of motor = 10000kW 

Input power to motor  = 10000 ( 100 = 11111kW 

    90 

Apparent power input  = kW  = 11111 = 11696kVA 

           cos (     0.95 

Thus 11696 = (3 ( 3300 ( I  

 1000 

or I  =    11696  = 2046.3A

          (3 ( 3.3

Therefore line current of system = 2046.3A 

Also alternator phase current = 2046.3A 

The motor phase current  = 2046.3 = 1182A 

     (3 

Output kVA rating of alternator = Input kVA rating of motor = 11696kVA 

or alternator output = (3 ( 3300 ( 2046.3 

   1000 

   = (3 ( 3.3 ( 2046.3  = 11696kVA 

Motor speed 110 rev/min
Number of poles = 50 

( Frequency of supply = PN = 50 ( 110 = 550  = 45.8 Hz

        

            120        120          12 

For the alternator, since f = 45.8.Hz 

          Then 45.8 = 2 ( N

   120 

or N = 45.8 ( 60 = 2748 rev/min. 

Answer 6 

(a) Star connection
V ph = VL    =    400

           (3           (3

I ph  = V ph     =      400     =  2.89 amps

80 80(3

In star connection line current = phase current = 2.89 amps


Power absorbed



3 ( I2R  = 3 ( (2.89)2 (  80
  = 2000 Watts


Alternative power absorbed



(3 VL IL


= (3 ( 400 ( 2.89 = 2000 Watts

(b) Delta


V ph = V2   ( V ph = 400


 ( phase current =   400/80 = 5 amps


Line current = (3 ( 5  = 8.67 amps


Power absorbed 



3 I2 ( R  = 3 ( 52 ( 80 = 6000 Watts


Alternate   

(3 VL IL = (3 ( 400 ( 8.67 = 6000 W    
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